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IN THE CLAIMS:

The text of all pending claims, (including withdrawn claims) is set forth below. Cancelled
and not entered claims are indicated with claim number and status only. The claims as listed
below show added text with underlining and deleted text with strikethrough. The status of each
claim is indicated with one of (original), (currently amended), (cancelled), (withdrawn), (new),
(previously presented), or (not entered). Please AMEND claims 1, 6, 12, 17, and 23 in

accordance with the following:

1. (CURRENTLY AMENDED) A micro-lens built-in vertical cavity surface emitting
laser (VCSEL) comprising:

a substrate;

a lower reflector formed on the substrate;

an active layer formed on the lower reflector, generating light by a recombination of
electrons and holes;

an upper reflector formed on the active layer comprising a lower reflectivity than that of
the lower reflector,

a micro-lens disposed in a window region and comprising a single convex surface

disposed-in-ahaving an arch extending through the entire window region through which the laser

beam is emitted to collimate the laser beam across the entire window region;

a lens layer formed on the upper reflector with a transparent material transmitting a laser
beam, the lens layer comprising the micro-lens;

an upper electrode formed above the upper reflector excluding the window region; and

i

a lower electrode formed underneath the substrate. '

2. (PREVIOUSLY PRESENTED) The micro-lens built in VCSEL as recited in claim
1, wherein the VCSEL satisfies a following relationship:

f =Rxnl/(n2—nl)

where fis a distance along an optical axis from a light generating region of the active
layer to a vertex of the micro-lens, R is a radius of curvature of the micro-lens, n1 is an effective
refractive index of a medium on an optical path between the light generating region and the lens
layer, and n2 is a refractive index of a region towards which a light is emitted through the micro-
lens.

3. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 1, further
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comprising a high-resistance region between the upper and lower reflectors relatively close to
the active layer, the high-resistance region having an aperture at a center thereof through which

a current flows.

4, (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 1, wherein the lens
layer is formed of a material comprising at least one of silicon and a 1ll-V compound
semiconductor, wherein the 11l-V compound semiconductor comprises one of indium phosphide
(InP), gallium arsenide (GaAs), indium arsenide (InAs), gallium phosphide (GaP), indium gallium
phosphide (InGaP), indium gallium arsenide (InGaAs), and aluminum gallium arsenide (AlGaAs),
the material comprising a relatively large bandgap to a wavelength of the laser beam so as not

to absorb the laser beam.

5. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 1, wherein the

micro-lens is formed by diffusion-limited etching.

6. (CURRENTLY AMENDED) A micro-lens built-in vertical cavity surface emitting
laser (VCSEL) comprising:

a substrate;

a lower reflector formed on the substrate;

an active layer formed on the lower reflector generating light by a recombination of
electrons and holes;

an upper reflector formed on the active layer comprising a lower reflectivity than that of
the lower reflector;

a micro-lens disposed in a window region through which the laser beam is emitted to

collimate the laser beam across the entire window region, wherein the micro-lens comprises an

arch extending through the entire window reqion;

a lens layer formed on the upper reflector with a transparent material transmitting a laser
beam, the lens layer comprising the micro-lens;

an upper electrode formed above the upper reflector excluding the window region; and

a lower electrode formed underneath the substrate,

wherein the window region comprises a maximum width smaller than a size of light
generated in the active layer emitted towards the window region, satisfying a Fraunhofer
diffraction condition, where the Fraunhofer diffraction condition occurring in the window region is

offset by a focusing power of the micro-lens.
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7. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 6, wherein the

maximum width of the window region D and a focal length f of the micro-lens satisfy a relation:
D =\2x1.22f

where A is a wavelength of the laser beam emitted from the VCSEL.

8. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 6, further
comprising a high-resistance region between the upper and lower reflectors, relatively close to
the active layer, the high-resistance region comprising an aperture at a center thereof through
which a current flows, the aperture of the high-resistance region comprising a maximum width

greater than or approximately equal to the maximum width of the window region.

9. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 7, further
comprising a high-resistance region between the upper and lower reflectors, relatively close to
the active layer, the high-resistance region comprising an aperture at a center thereof through
which a current flows, the aperture of the high-resistarlce region comprising a maximum width

greater than or approximately equal to the maximum width of the window region.

10.  (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 4, wherein the lens
layer is formed of a material comprising at least one of silicon and a 1ll-V compound
semiconductor, wherein the lll-V compound semiconductor comprises one of indium phosphide
(InP), gallium arsenide (GaAs), indium arsenide (InAs), gallium phosphide (GaP), indium gallium
phosphide (InGaP), indium gallium arsenide (InGaAs), and aluminum gallium arsenide (AlGaAs),
the material comprising a relatively large bandgap to a wavelength of the laser beam so as not

to absorb the laser beam.

11. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 4, wherein the

micro-lens is formed by diffusion-limited etching.

12. (CURRENTLY AMENDED) A micro-lens built-in vertical cavity surface emitting
laser (VCSEL) comprising:
a micro-lens disposed in a window region and comprising a single convex surface having

an arch extending through the entire dispesed-ina-window region through which a laser beam is

emitted to collimate the laser beam across the entire window region;
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a substrate comprising a transparent material transmitting the laser beam, the substrate
comprising the micro-lens;

a lower reflector formed on the substrate;

an active layer formed on the lower reflector, generating light by recombination of
electrons and holes;

an upper reflector formed on the active layer comprising a higher reflectivity than that of
the lower reflector;

an upper electrode formed on the upper reflector; and

a lower electrode formed on a portion of the substrate excluding the window region

through which the laser beam is emitted.

13. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 12, wherein the
VCSEL satisfies a following relationship:

f =Rxnl/(n2-nl)

where fis a distance along an optical axis from a light generating region of the active
layer to a vertex of the micro-lens, R is a radius of curvature of the micro-lens, n1 is an effective
refractive index of a medium on an optical path between the light generating region and the lens
layer, and n2 is a refractive index of a region towards which a light is emitted through the micro-

lens.

14. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 12, further
comprising a high-resistance region between the upper and lower reflectors relatively close to
the active layer, the high-resistance region having an aperture at a center thereof through which

a current flows.

15."  (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 12, wherein the
lens layer is formed of a material comprising at least one of silicon and a I11-V compound
semiconductor, wherein the 11l-V compound semiconductor comprises one of indium phosphide
(InP), gallium arsenide (GaAs), indium arsenide (InAs), gallium phosphide (GaP), indium gallium
phosphide (InGaP), indium gallium arsenide (InGaAs), and aluminum gallium arsenide (AlGaAs),
the material comprising a relatively large bandgap to a wavelength of the laser beam so as not

to absorb the laser beam.

16. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 12, wherein the
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micro-lens is formed by diffusion-limited etching.

17. (CURRENTLY AMENDED) A micro-lens built-in vertical cavity surface emitting
laser (VCSEL) comprising:
a micro-lens disposed in a window region through which a laser beam is emitted to

collimate the laser beam across the entire window region, wherein the micro-lens comprises an

arch extending through the entire window region;

a substrate comprising a transparent material transmitting the laser beam, the substrate
comprising the micro-lens;

a lower reflector formed on the substrate;

an active layer formed on the lower reflector, generating light by recombination of
electrons and holes;

an upper reflector formed on the active layer comprising a higher reflectivity than that of
the lower reflector,

an upper electrode formed on the upper reflector; and

a lower electrode formed on a portion of the substrate excluding the window region
through which the laser beam is emitted,

wherein the window region comprises a maximum width smaller than a size of the light
generated in the active layer and emitted towards the window region, satisfying a Fraunhofer
diffraction condition, where the Fraunhofer diffraction condition occurring in the window region is

offset by a focusing power of the micro-lens.

18. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 17, wherein the
maximum width of the window region D and a focal length f of the micro-lens satisfy a relation:

D =.2x1.22}f

where A is a wavelength of the laser beam emitted from the VCSEL.

19. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 17, further
comprising a high-resistance region between the upper and lower reflectors positioned relatively
close to the active layer, the high-resistance region comprising an aperture at a center thereof
through which a current flows, where the aperture of the high-resistance region comprises a

maximum width greater than or approximately equal to the maximum width of the window region.

20. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 18, further
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comprising a high-resistance region between the upper and lower reflectors positioned relatively
close to the active layer, the high-resistance region comprising an aperture at a center thereof
through which a current flows, where the aperture of the high-resistance region comprises a
maximum width greater than or approximately equal to the maximum width of the window region.

21. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 17, wherein the
lens layer is formed of a material comprising at least one of silicon and a IlI-V compound
semiconductor, wherein the 1lI-V compound semiconductor comprises one of indium phosphide
(InP), gallium arsenide (GaAs), indium arsenide (InAs), gallium phosphide (GaP), indium gallium
phosphide (InGaP), indium gallium arsenide (InGaAs), and aluminum gallium arsenide (AlGaAs),
the material comprising a relatively large bandgap to a wavelength of the laser beam so as not

to absorb the laser beam.

22. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 18, wherein the

micro-lens is formed by diffusion-limited etching.

23. (CURRENTLY AMENDED) A micro-lens built-in vertical cavity surface emitting
laser (VCSEL), comprising:

a micro-lens integrally formed on a laser beam emitting surface of the VCSEL and
comprising a single convex surface disposed in a window region through which a light beam is
emitted to collimate the light beam across a window region to emit a parallel light beam, wherein

the single convex surface comprises an arch extending through the entire window region;

a lens layer comprising the micro-lens and formed on the laser beam emitting surface of
the VCSEL; and
an upper electrode formed on a portion of the lens layer excluding the window region.

24, (PREVIOUSLY PRESENTED) The micro-lens built-in VCSEL as recited in claim
23, further comprising:

a substrate;

a lower electrode formed underneath the substrate;

a lower reflector;

an active layer comprising a light generating region; and

an upper reflector comprising a relatively lower reflectivity than that of the lower reflector,

wherein the window region is defined by the upper electrode and the micro-lens.
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25. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 24, wherein the
first focal point of the micro-lens is positioned in the light generating region of the active layer, so
that the light beam generated in a narrow light generating region is incident on and condensed

by the micro-lens, and is emitted as the parallel light beam.

26. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 24, further
comprising:

a high-resistance region between the upper and lower reflectors relatively close to the
active layer, the high-resistance region having an aperture at a center thereof through which a
current flows comprising a maximum width greater than or approximately equal to the maximum

width of the window region.

27. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 26, wherein the
aperture is small where the current applied through the upper electrode passes a region on the

active layer and the light beam is generated in a dot-sized region of the active layer.

28. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 23, wherein the

micro-lens lies along a central optical axis of the light beam emitted from the VCSEL.

29. (ORIGINAL) :I'he micro-lens built-in VCSEL as recited in claim 24, wherein the

lower reflector, the active layer, and the upper reflector are sequentially stacked on the substrate.

30. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 24, wherein the
substrate is formed of a semiconductor material comprising n-doped gallium arsenide (GaAs),
aluminum gallium arsenide (AlGaAs), indium arsenide (InAs), indium phosphide (InP), gallium
phosphide (GaP), indium gallium phosphide (InGaP), indium gallium arsenide (InGaAs), or
gallium phosphide (GaP), the material comprising a relatively large bandgap to a wavelength of

the laser beam so as not to absorb the laser beam.

31. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 24, wherein the
lower reflector and the upper reflector are formed of alternating semiconductor compounds
comprising different refractive indexes.
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32. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 24, wherein the
substrate is doped with n-type impurities, the lower reflector is doped with the same n-type

impurities and the upper reflector is doped with p-type impurities.

33. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 24, wherein the
active layer is formed of GaAs, AlGaAs, InGaAs, InGaP and/or AlGaAsP according to a
wavelength of the light beam.

34. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 24, further
comprising:

a high-resistance region comprising an aperture at a center thereof through which
current applied through the upper electrode flows and high-resistance region is formed by

implantations of ions or by selective oxidation in a region of the upper reflector.

35. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 24, wherein the
lens layer comprises a thickness of several micrometers and is formed of a material having a

relatively wide bandgap to a wavelength of the light beam generated from the VCSEL.

36. (CURRENTLY AMENDED) The micro-lens built-in VCSEL as recited in claim 23,

wherein the convex surface is formed by diffusion-limited etching.

37. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 24, wherein the

upper electrode is formed on the lens layer or between the upper reflector and the lens layer.

38. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 24, wherein a
distance along an optical axis from the light generating region to a vertex of the micro-lens is

equal to a focal length of the micro-lens.

39. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 38, wherein the

VCSEL satisfies a following relationship:
f =Rxnl/(n2—nl)

where fis a distance along an optical axis from the light generating region to the vertex of
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the micro-lens, R is a radius of curvature of the micro-lens, n1 is an effective refractive index of a
medium on an optical path between the light generating region and the lens layer, and n2is a

refractive index of a region toward which the light beam is emitted through the micro-lens.

40. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 38, wherein the
VCSEL satisfies a following relationship:
nl/S1+n2/82=(n2-nl)/R

where S1 is a distance from the light generating region of the active layer to a vertex of
the micro-lens on the optical axis, S2 is a distance from the vertex of the micro-lens to a second
focal point of the micro-lens, n1 is an effective refractive index of the medium from the upper
reflector and the lens layer, and n2 is a refractive index of a region toward which the light beam

emitted through the micro-lens travels.

41, (ORIGINAL) The micro-lens built in VCSEL as recited in claim 24, wherein as a
forward biased current is applied to the micro-lens built-in VCSEL through the upper and lower
electrodes, the light beam comprising a particular wavelength through laser oscillation is
transmitted through the upper reflector and the lens layer and is condensed by the micro-lens

and emitted as the parallel laser beam.

42. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 23, wherein the
VCSEL is a top-emitting type VCSEL.

43. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 23, further
comprising: ‘

a substrate, wherein the micro-lens is formed in the window region of the substrate
through which the light beam is condensed and emitted;

a lower reflector;

an active layer comprising a light generating region;

an upper reflector comprising a higher reflectivity than that of the lower reflector;

a lower electrode formed underneath the substrate excluding a window region through
which the light beam is emitted; and

an upper electrode formed on the upper reflector, wherein the window region is defined

by the lower electrode and the micro-lens.

10
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44, (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 43, wherein a first
focal point of the micro-lens is positioned in the light generating region of the active layer, where
the light beam generated in a narrow light generating region is incident on and condensed by the

micro-lens, and is emitted as the parallel light beam.

45. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 43, further
comprising:

a high-resistance region between the upper and lower reflectors relatively close to the
active layer, the high-resistance region comprising an aperture at a center thereof through which
a current flows comprising a maximum width greater than or approximately equal to the

maximum width of the window region.

46. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 43, wherein the

lower reflector, the active layer, and the upper reflector are sequentially stacked on the substrate.

47. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 43, wherein when
a number of stacked layers of the lower reflector is smaller than that of the upper reflector, the
reflectivity of the lower reflector is lower than that of the upper reflector and most of the laser

beam is emitted through the lower reflector.

48. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 43, wherein the
substrate is formed of a semiconductor material comprising n-doped gallium arsenide (GaAs),
aluminum gallium arsenide (AlGaAs), indium arsenide (InAs), indium phosphide (InP), gallium
phosphide (GaP), indium gallium phosphide (InGaP), indium gallium arsenide (InGaAs), or
gallium phosphide (GaP).

49. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 43, wherein the
lower reflector and the upper reflector are formed of alternating semiconductor compounds

comprising different refractive indexes.

50. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 43, wherein the
substrate comprises a material having a relatively wide bandgap compared to a wavelength of
the light beam generated from the VCSEL, so as not to absorb, but transmit the laser beam

incident from the lower reflector.

11
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51. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 43, wherein the
VCSEL satisfies a following relationship:

f'= R'xnl'/(n2'-nl")

where R’ is a radius of curvature of the micro-lens, n1’ is a effective refractive index of a
medium along an optical path between the light generating region of the active layer and the
micro-lens, and n2’ is a refractive index of a region toward which the light beam emits through
the micro-lens, f' is a distance from the light generating region to a vertex of the micro-lens along

the optical axis.

52. (ORIGINAL) The micro-lens builtin VCSEL as recited in claim 43, wherein as a
forward biased current is applied to the micro-lens built-in VCSEL through the upper and lower
electrodes, a laser beam comprising a particular wavelength through laser oscillation is
transmitted through the lower reflector and the substrate and is condensed by the micro-lens

and emitted as the parallel laser beam.

53. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 43, wherein the
VCSEL is a bottom-emitting type VCSEL.

54. (CURRENTLY AMENDED) The micro-lens built-in VCSEL as recited in claim 23,
further comprising:

a substrate;

a lower electrode formed underneath the substrate;

a lower reflector;

an active layer comprising a light generating region; and

an upper reflector comprising a relatively lower reflectivity than that of the lower reflector,
wherein the window region comprises a diameter satisfying a Fraunhofer diffraction condition
and is defined by the upper electrode and the micro-lens.

55. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 54, wherein the
window region comprises a maximum width smaller than a size of the light beam generated in

the active layer emitted towards the window region.

56. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 54, wherein the

12
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Fraunhofer diffraction condition of the window is offset by a focusing power of the micro-lens so

that a parallel laser beam is emitted through the micro-lens.

57. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 56, wherein the

diameter D of the window and a focal length f of the micro-lens satisfy a following relationship:
D =2x1.224f

where A is a wavelength of the light beam emitted from the VCSEL.

58. (ORIGINAL) The micro-lens built-in VCSEL as recited in claim 54, further
comprising a high-resistance region between the upper and lower reflectors relatively close to
the active layer, the high-resistance region comprises an aperture at the center thereof through

which a current flows.

59. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 58, wherein the
diameter of the window is smaller than or approximately equal to a diameter of the aperture of

the high-resistance region.

60. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 54, wherein the

window and the micro-lens are positioned on a same plane.

61. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 54, wherein the

Fraunhofer diffraction condition satisfies a following relationship:

2

N, =—<«l1
Ad

/

where N;is a Fresnel number, A is a wavelength of the light beam emitted from the
VCSEL, D is the diameter of the window, and d is a distance from the window to an observing

plane, which is one focal point of the micro-lens.

62. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 54, wherein the
micro-lens is positioned in front or behind the window or the micro-lens and the window are

positioned on a same plane.

63. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 54, wherein when

the micro-lens and the window are positioned on a same plane and only a 0"-order diffracted

13
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beam comprising a high intensity is considered, a radius R; of the 0"-order diffracted beam
satisfies a following relationship:

1.224d
"D
where A is a wavelength of the light beam emitted from the VCSEL, D is the diameter of

R

the window, and d is a distance from the window to an observing plane.

64. (ORIGINAL) The micro-lens built in VCSEL as recited in claim 54, wherein the
VCSEL is a top-emitting type VCSEL.
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